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SECTION I

INTRODUCTION

The storage of turbine lubricants in normally used containers such

as hermetically sealed quart cans or drum stock utilized through use of

servicing carts is satisfactory with respect to long-term lubricant

stability. Current lubricants possess good low temperature oxidative,

thermal and hydrolytic stability under these conditions of storage which

is of relatively low temperatures and limited oxygen availability.

Wat* r content of new lubricant is also low and usually below 500 ppm.

For turbine lubricants (ester base) to be stored under these

conditions, lubricant storage stability can be predicted using the SOD

lead corrosion test. Specification MIL-L-7808 requires lubricant stored

in hermetically sealed containers to conform to all specification

requirements after three years of stcrage. Specification MIL-L-236gg

requires hermetically sealed containers of the lubricants to conform to

specification requirements after one year of storage.

In normal turbine engine lubricant systems, lubricant storage

stability is not a problem due to frequent usage, oil consumption and

replenishment, and a very low water or humidity environment.

The use of ester type lubricants under conditions which are not
typically associated with turbine engines is increasing due to new

applications and new lubricant system requirements. Some advanced

systems employing ester base lubricants require storage capability under

adverse conditions such as non-ftermetically sealed dormant systems for

time periods of two years or more.

A lubricant sample obtained from such a system after 18 months

storage showed severe degradation and contained large quantities of both

motile and non-motile microorganisms. Although the lubricant contained

no free water or suspended water, the presence of bacteria suggested free

water may have been present somewhere in the lubricant system. The

question which remained unanswered after the completion of the analyses
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was what caused the severe lubricant degradation. Possibilities include

low temperature oxidation, hydrolysis, microbiological activity, or a

combination of these possibilities. Since no information existed

relative to lubricant storage characteristics under adverse conditions, a

program was initiated for investigation of the storage capability of

current turbine lubricants under these conditions.

The.objectives of this study was to investigate differences

long-term storage characteristics of current lubricants under vat S

storage conditions and the effect of microorganisms on lubricant

degradation causing increased acidity of the lubricant.

2
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SECTION 11

TEST EQUIPMENT AN4D PROCEDURES

1. GENERAL

The test program was designed to investigate six lubricants at two
temperatures using different types of containers under various environ-
ments. This resulted in five major test systems as shown below.

Test System A. Closed system with free water.

Test System B. Open system with 100% relative humidity.

Test System C. Control systems with closed and'open containers.

Test System D. Open and closed systems with free water and

innocula ted.

Test System E. Open and closed systems with 100% relative humidity
and innoculated.

Table 1 shows a diagram of the test program.

2. TEST EQUIPMENT

The storage containers used for the test program included the
following.

a. Sixteen ounce capacity flint glass bottles with Poly-Seal
screw caps.

b. Four ounce capacity flint glass bottles with Poly-Seal screw
caps.

C. One hundred fifty milliliter capacity Pyrex beakers.

d. Sixteen ounce plain tin F style oblong cans with one inch
screw caps.

3
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Sealed desiccators were used for obtaining 100% relative humidity test
chambers. A horizontal air-flow mechanical connection oven was used for

the tests conducted at lOO0F (37.80).

3. TEST PROCEDURES

The test samples were prepared and coded as shown in Tables 1 and

2. Closed system samples were sealed with caps while open system samples
were stored uncapped. Samples containing free water were prepared by

adding the test lubricant to containers having the free water without

mixing. Sample containers were stored in desiccators containing free
water below the desiccator plate for the 100% relative humidity testing.
All of the 108 lubricant test samples were stored in the dark except for
the brief periods of sampling or visual observations. Forty-eight of
the samples were stored at room temperature in a steel cabinet. The
remaining 60 samples were stored at 100 OF in the mechanical connection

oven. No sterilization of any containers or fluids was done prior to
testing.

4. TESTING AND EVALUATION CRITERIA

The stored samples were periodically analyzed using the following
test procedures and evaluation criteria.

a. Total Acid Number Measurements

The total acid number of lubricants is the quantity of base,
expressed in milligrams of potassium hydroxide required to neutralize all
ac.idic constituents present in one gram of the oil. These
determinations were conducted using ASTM Method D664, "Neutralization

Number by Potentiometric Titration."

b. Complete Oil Breakdown Rate Analyzer (COBRA) Measurements

The COBRA is an electronic instrument that measures the elec-
trochemical characteristics of the lubricant. Lubricant degradation
increases the electrochemical characteristics which are measured by

4
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changes in the COBRA readings. New lubricants have COBRA values below

10 while highly degraded lubricants have values of 150 or above.

c. Visual Appearance and Odor

The visual appearance and odor of a lubricant can provide

information relative to its condition. Visual appearance can give

information relative to free water content, degradation and

sedimentation, and microbiological activity. Odor characteristics can

also indicate lubricant condition. Synthetic turbine lubricants having

strong rancid odors usually exhibit high levels of degradation.

Terms used in describing the visual appearance of the lubricants

are as follows:

Clear and Bright - The lubricant is transparent, has a bright

appearance and no visible suspended sediment.

Transparent - Oarkening of the lubricant but still capable of

transmitting light so objects or images can be viewed through the

lubricant.

Slightly Cloudy - Slight haze but not completely translucent.

Cloudy -. Completely translucent.

Opague - Very dark in color. No light transmittance.

Sediment - Visible material that settles to the bottom of the

sample or visible particles suspended in the sample.

Scum - A film layer of materials that forms on or rises to the

surface of the sample or at the interface of the oil-free water samples.

Terms used in describing the odor of the lubricants are as follows:

Sweet - Normal new oil odor.

Semi-Sour - Slight offensive odor.

Sour - Strong offensive odor.

7
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Rancid - Very disagreeable offensive odor. Containers containing

this type of degraded lubricant cannot be left open in the laboratory due

to its strong rancid odor.

d. Microscopic Examination for Microorganisms

Phase contrast microscopy was used for the microscopic

examination of the various samples. Small quantities of the lubricant,

scum or water were withdrawn from the storage containers by means of a
disposable pipet and placed on microscope slides. Cover slides were used

for all examinations which were made at 200X, 400X, and 800X

magnification. No attempt was made to identify or classify the types of

microorganisms observed.

m||8
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SECTION III

TEST LUBRICANTS

Six lubricants were evaluated in the program with all being ester

base lubricants. Table 2 presents a description of these unused

lubricants.

TABLE 2

DESCRIPTION OF TEST LUBRICANTS

TEST OIL QUALIFICATION
NUMBER NUMBER DESCRIPTION

1 IM-1 MIL-L-7808 J Lubricant

2 IN-I MIL-J-7808 Lubricant

3 15E-1 MIL-L-7808 J Lubricant

4 1IE-I MIL-L-7808 J Lubricant

5 0-9A-4 MIL-L-2369 C Lubricant

6 1M-1 Plus MIL-L-7808 J Plus
Corrosion Barium Dinonylnaphthalene Sulfonate
Inhibitor

Lubricant coded OP-172-I was also used to innoculate the above

lubricants for specific phases of this program. Prior analysis of this

lubricant was as follows:

Total Acid Number: 24

Viscosity @1000F 13.57 cs

Gas Chromatography: MIL-L-7808, Qualification Number IM-1
Chromatogram showed indications of oil
degradation.

Phase Contrast No dispersed silicone or suspended water.
Microscopy: Large number of motile and non-motile

microorganisms present.

9
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SECTION IV

TEST RESULTS AND DISCUSSION

Evaluation of the test lubricants were made at various intervals

during the storage program. Visual appearance and odor evaluations were

made initially and at 1, 2, 3, 6, 11, and 16 month storage periods.

COBRA readings were conducted on the same schedule as that for

appearance and odor. Total acid number measurements were made initially

and at 6 and 16 month storage periods. Microbiological evaluations were

conducted only at the end of 11 months storage. The evaluation data is

presented in Tables 3 through 56.

The effect of test conditions at 1OOF was consistent for all the

MIL-L-7808 lubricants and the MIL-L-23699 lubricant. The various test

systems are listed below in order of decreasing severity.

1. Open glass beaker, 100% humidity innoculated with OP-172-1

(only slight more severe than 2 below).

2. Open glass beaker, 100% humidity (significantly more severe

than 3 below).

3. Closed glass bottle, free water, innoculated with OP-172-1

(only slightly more severe than 4 below).

4. Closed glass bottle, free water (significantly more severe

than 5 below).

5. Open glass bottle, free water innoculated with OP-172-1

(extremely more severe than 6 below).

6. Open metal container (6 through 10 exhibited only very slight

differences).

7. Closed glass bottle, innoculated with OP-172-1.

10
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8. Open glass bottle

9. Closed metal container.

10. Closed glass container.

The obtained storage stability data shows the two most significant

variables effecting lubricant storage is temperature and water. At 700F

all conditions of storage were satisfactory for 16 months of storage.

At 1000F, all storage conditions involving free water or 100% relative

humidity caused excessive lubricant degradation prior to six month

storage except for MIL-L-7808 lubricant, Qualification Number 1iE. This

lubricant demonstrated superior hydrolytic stability but still was not

satisfactory for 16 months storage under these conditions. Very little

difference was found among the various storage conditions not involving

free water or high relative humidity. Changes in total acid number

values and COBRA values showed very similar trends for all test fluids.

The various storage conditions at 100OF are listed below in order

of decreasing severity for the MIL-L-7808 fluid containing the corrosion

inhibitor.

1. Closed glass bottle, free water, innoculated with OP-172-1

(only slightly more severe than 2 below).

2. Closed glass bottle, free water (only slightly more severe
than 3 below).

3. Open glass beaker 100% relative humidity, innoculated with OP-

172-1 (only slightly more severe than 4 below).

4. Open glass beaker, 100% relative humidity (significantly more

severe than 5 below).
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5. Open glass bottle, free water, innoculated with OP-172-1

(extremely more severe than 6 below).

6. Open metal container (6 through 10 exhibited only very slight

differences).

7. Closed metal container.

8. Closed glass bottle innoculated with OP-172-1.

9. Open glass bottle.

10. Closed glass bottle.

This specific fluid is very similar to the other MIL-L-7808 and MIL-L-

23699 fluids in that temperature and the presence of free water or high
humidity are the most significant variables effecting storage. The major

storage stability difference in the fluid containing the corrosion

inhibitor is the free water showing a greater effect than the 100%

relative humidity. This was reversed for the MIL-L-7808 and MIL-L-23699

fluidz.

The presence of microorganisms did not significantly effect storage
stability. As would be expected, only those systems having free water

or high humidity exhibited microbiological activity. No significant

difference in microbiological activity was observed for testing conducted

at 70°F and l0°F. All fluids appeared similar in support of
microbiological growth except the MIL-L-23699 lubricant. This specific

formulation may possess some microbiological inhibitor characteristics.

Although this fluid exhibited low hydrolytic stability and no microscopic

examinations were made on storage tests conducted at OO°F, the micro-

scopic examinations on all 70°F storage samples of this lubricant showed
no microbiological activity while all the other fluids showed some

support for microbiological activity at this temperature.

12
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All fluids formed a scum or emulsion at the oil-water interface for

those systems containing free water. Formation of these scums or

emulsions did not require microbiological activity for all lubricants

investigated.

13
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

This study has shown that the two parameters most effecting long-term

storage of turbine lubricants in non-sealed systems are temperature and

free water or high humidity. As the storage temperature increases, the

rate of lubricant hydrolysis rapidly increases and is the major mechanism

for lubricant degradation under these conditions. One MIL-L-7808 lubricant

showed superior hydrolytic stability in comparison to the other test

lubricants but not of sufficient degree to proviae 16 months storage under

high moisture conditions at a temperature of 1000 F.

Microbiological activity did not significantly effect the rate of

lubricant degradation. The presence of microbiological activity did, in

some cases, contribute to the scum, sludge and emulsions forming at

lubricant-water interfaces. This type of material has the capability of

plugging small oil orifices or filters.

The corrosion inhibited fluid consisting of a MIL-L-7808 fluid plus

barium dinonylnaphthalene sulfonate showed less storage stability than

the other lubricants and did not display any microbiological inhibiting

characteristics.

Future development of ester type lubricants for use under

conditions of high humidity and long-term storage should include studies

for improving the hydrolytic stability of current turbine engine

lubricants.

14
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TABLE 3

TOTAL ACID NUMBER DATA FOR TEST SYSTEM A-1

Storage Conditions - Closed Glass Bottles, Free Water, 700F (21°C)

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-I .08 .61 .13

-2 MIL-L-7808 IN-1 .11 .25 .14

-3 MIL-L-7808 15E-1 .11 .21 .24

-4 MIL-L-7808 IIE-I .13 .05 .03

-5 MIL-L-23699 O-9A-4 .44 1.18 5.41

-6 MIL-C-8188 11-1i plus .33 .50 .62

Corrosion Inhibitor

TABLE 4

TOTAL ACID NUMBER DATA FOR TEST SYSTEM A-2

Storage Conditions - Closed Glass Bottles, Free Water, 100°F (37.8 0C)

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 M-I .08 5.48 98.78

-2 MIL-L-7808 N-1 .11 .66 117.42

-3 MIL-L-7808 15E-1 .11 .23 29.36

-4 MIL-L-7808 11E-1 .13 .52 2.72

-5 MIL-L-23699 0-9A-4 .44 101.50 *

-6 MIL-C-8188 1M-1 plus .33 32.29 *

Corrosion Inhibitor

*Test terminated after six months due to extreme offensive odor.

16



AFWAL-TR-83-2007

TABLE 5

TOTAL ACID NUMBER DATA FOR TEST SYSTEM B-I

Storage Conditions - Open Glass Beakers, 100% Relative Humidity, 70°F (21°C)

TEST
OIL OIL QUAL END OF TEST
NUMBER TPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-1 .08 .69 .22

-2 MIL-L-7808 IN-I .11 .05 .24

-3 MIL-L-7808 15E-i .11 .03 .04

-4 MIL-L-7808 IE-I .13 .05 .18

-5 MIL-L-23699 0-9A-4 .44 2.57 22.89

-6 MII-C-0I58 IM-I plus .33 .31 .42

Corrosion Inhibitor

TABLE 6

TOTAL ACID NUMBER DATA FOR TEST SYSTEM B-2

Storage Conditions - Open Glass Beakers, 100% Relative Humidity, l0°oF (37.8°C)

TEST
OIL OIL QUAL END OF TEST
NMTBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 iM-i .08 69.26 *

-2 MIL-L-7808 iN-1 .11 34.31 *

-3 MIL-L-7808 15E-1 .11 4.52 116.77

-4 MIL-L-7808 1lE-i .13 3.76 46.34

-5 KIL-L-23699 O-9A-4 .44 145.47 *

-6 MIL-C-8188 IM-i plus .33 30.18 *

Corrosion Inhibitor

*Test terminated after six months due to extreme offensive odor.

17
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TABLE 5

TOTAL ACID NUMBER DATA FOR TEST SYSTEM B-I

Storage Conditions - Open Glass Beakers, 100% Relative Humidity, 7
0
°F (21 

0
C)

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM- .08 .69 .22

-2 MIL-L-7808 IN-I .11 .05 .24

-3 MIL-L-7808 15E-1 .13 .03 .04

-4 MIL-L-7808 1iE-I .13 .05 .18

-5 MIL-L-23699 0-9A-4 .44 2.57 22.89

-6 MII-C- 3138 I1-I plus .33 .31 .42

Corrosion Inhibi'tor

TABLE 6

TOTAL ACID NUMBER DATA FOR TEST SYSTEM B-2

Storage Conditions - Open Glass Beakers, 100% Relative Humidity, 100°F (37.8°C)

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-1 .08 69.26 *

-2 MIL-L-7808 iN-1 .11 34.31 *

-3 MIL-L-7808 15E-1 .11 4.52 116.77

-4 MIL-L-7808 liE-i .13 3.76 46.34

-5 MIL-L-23699 0-9A-4 .44 145.47 *

-6 MIL-C-8188 IM-i plus .33 30.18 *

Corrosion Inhibitor

*Test terminated after six months due to extreme offensive odor.
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TABLE 7

TOTAL ACID NUMBER DATA FOR CONTROL SYSTEM C-I

Storage Conditions - Closed Glass Bottles, 70°F (213C)

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-i MIL-L-7808 IM-l .08 .03 .11

-2 MIL-L-7808 IN-1 .11 .05 .12

-3 MIL-L-7808 15E-1 .11 0.00 0.00

-4 MIL-L-7808 IIE-1 .13 .05 .13

-5 MIL-L-23699 0-9A-4 .44 .45 .54

-6 MIL-C-8188 lM-1 plus .33 .30 .35

Corrosion Inhibitor

TABLE 8

TOTAL ACID NUMBER DATA FOR CONTROL SYSTEM C-2

Storage Conditions - Closed :Ietal CAns, 700" (210C)

TEST
OIL OIL QUAL END OF TEZS
NLMBER TYPE NUMBER INITIAL 6 MI1ONTHS 16 MONTHS

-1 MIL-L-7808 iM-i .08 .51 ,16

-2 MIL-L-7808 IN-1 .11 .05 .13

-3 MIL-L-7808 15E-1 .11 .22 .02

-4 MIL-L-7808 IIE-I .13 .14 .11

-5 MIL-L-23699 0-9A-4 .44 .87 2.55

-6 MIL-C-8188 IM-i plus .33 .66 .32

Corrosion Inhibitor
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TABLE 9

TOTAL ACID NUMBER DATA FOR CONTROL SYSTEM C-3

Storage Conditions - Closed Glass Bottles, 1000F (37.8'C)

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-1 .08 .46 .25

-2 MIL-L-7808 1N-1 .11 .08 .14

-3 MIL-L-78C8 15E-1 .11 .03 .04

-4 MIL-L-7808 11E-1 .13 .16 .14

-5 MIL-L-23699 0-9A-4 .44 .52 .82

-6 MIL-C-8188 IM-l plus .33 .92 .46

Corrosion Inhibitor

TABLE 10

TOTAL ACID NUMBER DATA FOR CONTROL SYSTEM C-4

Storage Conditons - Closed Metal Cans, 100°F (37.8 0C)

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 lM-I .08 .24 .52

-2 MIL-L-7808 1N-1 .11 .29 .21

-3 MIL-L-7808 15E-1 .11 .11 .18

-4 MIL-L-7808 11E-1 .13 .16 .13

-5 MIL-L-23699 0-9A-4 .44 2.00 3.83

-6 MIL-C-8188 1M-1 plus .33 .86 .60

Corrosion Inhibitor
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TABLE 11

TOTAL ACID NUMBER DATA FOR CONTROL SYSTEM C-5

Storage Conditicns- Open Glass Bottles, 70
0F (21°C)

TEST
OIL OIL QUAL END OF TEST

NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-l .08 .37 .13

-2 MIL-L-7808 1N-1 .11 .08 .14

-3 MIL-L-7808 15E-1 .11 0.00 .02

-4 IL-L-7808 I1E-i .13 .27 .08

-5 MIL-L-23699 0-9A-4 .44 .66 .85

-6 MIL-C-8188 IM-I plus .33 .72 .33

Corrosion Inhibitor

TABLE 12

TOTAL ACID NUMBER DATA FOR CONTROL SYSTEM C-6

Storage Conditions - Open Metal Cans, 70'F (21°C)

TEST
OIL OIL QUAL END OF TEST

NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-I .08 .36 .14

-2 MIL-L-7808 1N-1 .11 .11 .13

-3 MIL-L-7808 15E-1 .11 .03 .02

-4 MIL-L-7808 11E-1 .13 .24 .09

-5 MIL-L-23699 0-9A-4 .44 1.52 2.76

-6 MIL-C-8188 1M-l plus .33 .66 .22

Corrosion Inhibitor
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TABLE 13

TOTAL ACID NUMBER DATA FOR CONTROL SYSTEM C-7

Storage Conditions- Open Glass Bottles, 100°F (37.8°C)

EST
IL OIL QUAL END OF TEST
UMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-I .08 .19 .45

-2 MIL-L-7808 IN-i .11 .11 .17

-3 MIL-L-7808 15E-1 .11 0.00 .14

-4 MIL-L-7808 IIE-i .13 .11 .16

-5 MIL-L-23699 0-9A-4 .44 2.15 15.22

-6 MIL-C-8188 IM-i plus 33 .25 .34

Corrosion Inhibitor

TABLE 14

TOTAL ACID NUMBER DATA FOR CONTROL SYSTEM C-8

Storage Conditions - Open Metal Cans, 1000 F (37.8°C)

EST
IL OIL QUAL END OF TEST
'UMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-i MIL-L-7808 IM-i .08 .14 1.56

-2 MIL-L-7808 IN-1 .11 .05 .15

-3 MIL-L-7808 15E-1 .11 0.00 .01

-4 MIL-L-7808 1iE-i .13 .25 .16

-5 MIL-L-23699 O-9A-4 .44 4.81 14.67

-6 MIL-C-8188 IM-I plus .33 .22 .60

Corrosion Inhibito
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TABLE 15

TOTAL ACID NUMBER FOR TEST SYSTEM 0-1

Storage Conditions - Closed Glass Bottles, Free Water, 70°F (210 C), Innoculated with 0P-172-1

TEST
QIL OIL QUAL END OF TEST

NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 lM-1 .08 .14 .35

-2 MIL-L-7808 IN-1 .11 0.00 .14

-3 MIL-L-7808 15E-1 .11 0.00 .23

-4 MIL-L-7808 IE-I .13 0.00 .06

-5 MIL-L-23699 0-9A-4 .44 1.23 5.66

-6 MIL-C-8188 IM-I plus .33 .25 .53

Corrosion Inhibitor

TABLE 16

TOTAL ACID NUMBER FOR TEST SYSTEM 0-2

Storage Conditions - Closed Glass Bottles, Free Water, 100°F (37.8°C), Innoculated with OP-172-1

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-1 .08 12.15 114.57

-2 MIL-L-7808 IN-1 .11 1.10 122.15

-3 MIL-L-7808 15E-1 .11 .43 55.44

-4 MIL-L-7808 IIE-I .13 .52 4.76

-5 MIL-L-23699 0-9A-4 .44 154.16 *

-6 MIL-C-8188 IM-I plus .33 44.58 *

Corrosion Inhibitor

*Test terminated after six months due to extreme offensive odor.
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TABLE 17

TOTAL ACID NUMBER DATA FOR TEST SYSTEM D-3

Storage Conditions - Open Glass Bottles, Free Water, 100°F (37.8 0 C) Innoculated with OP-172-1

TEST
OIL OIL QIJAL END OF TEST

NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-I .08 2.27 29.28

-2 MIL-L-7808 IN-1 .11 .41 28.89

-3 MIL-L-7808 15E-1 .11 .14 1.07

-4 MIL-L-7808 IIE-I .13 .11 1.11

-5 MIL-L-23699 0-9A-4 .44 123.07 *

-6 MIL-C-8188 iM-i plus .33 3.81 37.87

Corrosion Inhibitor

*
1
,st terminated after six months due to extreme offensive odor.

TABLE 18

TOTAL ACID NUMBER DATA FOR TEST SYSTEM E-1

Storage Conditions - Open Glass Beakers, 100% Relative Humidity, 70°F (21°C), Innoculated With OP-172-1

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-i MIL-L-7808 IM-i .08 .11 .25

-2 MIL-L-7808 IN-I .11 .11 .30

-3 MIL-L-7808 15E-1 .11 .08 .14

-4 MIL-L-7808 IIE-I .13 .17 .28

-5 MIL-L-23699 0-9A-4 .44 3.32 24.40

-6 MIL-C-8188 IM-1 plus .33 .30 .48

Corrosion Inhibitor
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TABLE 19

TOTAL ACID NUMBER DATA FOR TEST SYSTEM E-2

Storage Conditions - Open Glass Beakers, 100% Relative Humidity

IO0F (37.8 0 C), Innoculated With OP-172-1

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NUMBER INITIAL 6 MONTHS 16 MONTHS

-l MIL-L-7808 IM-I .08 76.88 *

-2 MIL-L-7808 1N-1 .11 54.70 *

-3 MIL-L-7808 15E-1 .11 8.33 116.46

-4 MIL-L-7808 IIE-l .13 5.26 55.93

-5 MIL-L-23699 0-9A-4 .44 147.82 *

-6 MIL-C-8188 IM-l plus .33 30.24 *

Corrosion Inhibitor

*Test terminated after six months due to extreme offensive odor.

TABLE 20

TOTAL ACID NUMBER DATA FCR TEST SYSTEM E-3

Storage Conditions - Closed Glass Bottles, No Free Water, 100 0F (37.8 0C),Innoculated V'i:h OP-172-]

TEST
OIL OIL QUAL END OF TEST
NUMBER TYPE NLMBER INITIAL 6 MONTHS 16 MONTHS

-1 MIL-L-7808 IM-l .08 .17 .37

-2 MIL-L-7808 lN-1 .11 .11 .31

-3 MIL-L-7808 15E-1 .11 0.00 .20

-4 MIL-L-7808 lIE-l .13 .14 .34

-5 MIL-L-23699 0-9A-4 .44 .52 .99

-6 MIL-C-8188 1M-1 plus .33 .31 .51

Corrosion Inhibitor
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TABLE 21

COBRA DATA FOR TEST SYSTEM A-i

Storage Conditions - Closed Glass Bottles, Free Water, 70'F (21°C)

TEST
OIL OIL QUAL 1 2 3 6 11 16
NUM BER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 IM-I 4 4 7 6 5 7 6

-2 MIL-L-7808 IN-1 4 4 5 5 5 4 5

-3 MIL-L-7808 15E-1 4 4 6 5 5 4 4

-4 MIL-L-7808 1lE-I 4 5 5 5 4 4 4

-5 MIL-L-23699 0-9A-4 4 5 5 5 5 4 4

-6 MIL-C-8188 IM-I 11 20 24 24 19 40 39
plus
corro-
sion
inhibi-
tor

TABLE 22

COBRA DATA FOR TEST SYSTEM A-2

Storage Conditions - Closed Class Bottles, Free Water, 1000 F (378°C)

TEST
OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 1M-1 4 4 6 5 8 200+ 200+

-2 MIL-L-7808 IN-I 4 4 4 6 5 200+ 200+

-3 MIL-L-7808 1SE-1 4 5 4 4 4 59 200+

-4 MIL-L-7808 IE-I 4 4 5 4 4 4 4

-5 MIL-L-23699 0-9A-4 4 6 27 200+ 200+ * *

-6 MIL-C-8188 iM-1 11 15 31 39 193 * *
plus

corro-
sion
inhibi-
tor

*Test terminated after six months due to extreme offensive odor.
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TABLE 23

COBRA DATA FOR TEST SYSTEM B-I

Storage Conditions - Open Glass Beakers, 100% Relative Humidity, 700F (21
0
C)

TEST
OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-i MIL-L-7808 IM-I 4 4 5 5 5 5 5

-2 MIL-L-7808 IN-1 4 4 5 5 5 5 5

-3 MIL-L-7808 15E-1 4 4 5 5 5 4 5

-4 MIL-L-7808 I1E-I 4 4 6 5 5 4 5

-5 MIL-L-23699 0-9A-4 4 5 6 5 5 200+ 200+

-6 MIL-C-8188 IM-i 11 21 25 24 16 16 22
plus
corro-
sion
inhibi-
tor

TABLE 24

COBRA DATA FOR TEST SYSTEM B-2

Storage Conditions - Open Glass Beakers, 100% Relative Humidity, 100°F (37.8 C)

TEST
OIL OIL QUAL 1 2 3 6 11 16

NTMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 IM-1 4 4 4 9 200+ * *

-2 MIL-L-7808 1N-1 4 4 5 5 154 * *

-3 MIL-L-7808 15E-1 4 6 4 5 5 200+ 200+

-4 MIL-L-7808 11E-l 4 4 4 4 5 60 71

-5 MIL-L-23699 0-9A-4 4 10 173 200+ 200+ * *

-6 MIL-C-8188 iM-i 11 23 25 24 179 * *
plus
corro-
sion
inhibi-
tor

*Test terminated after six months due to extreme offensive odor.
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TABLE 25

COBRA DATA FOR CONTROL SYSTEM C-I

Storage Conditions - Closed Glass Bottles, 70°F (21'C)

TEST
OIL OIL QUAL 1 2 3 6 11 16

NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 1M-1 4 4 5 5 5 4 4

-2 MIL-L-7808 1N-1 4 4 5 5 5 4 4

-3 MIL-L-7808 15E-1 4 4 5 5 4 4 4

-4 MIL-L-7808 IE-1 4 14 5 4 4 4 4

-5 MIL-L-23699 0-9A-4 4 4 5 5 4 4 4

-6 MIL-C-8188 IM-I 11 15 18 16 15 15 15
plus
corro-
sion
inhibi-
tor

TABLE 26

COBRA DATA FOR CONTROL SYSTEM C-?

Storage Conditions - Closed Metal Cans, 70°F (210C)

TEST
OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 1M-1 4 4 5 6 6 4 4

-2 MIL-L-7808 1N-1 4 4 5 5 4 4 4

-3 MIL-L-7808 15E-1 4 4 5 5 5 4 4

-4 MIL-L-7808 11E-1 4 4 5 4 5 4 4

-5 MIL-L-23699 0-9A-4 4 4 5 5 4 4 4

-6 MIL-C-8188 IM-1 11 15 16 16 16 16 16
plus
corro-
sion
inhibi-
tor
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TABLE 27

COBRA DATA FOR CONTROL SYSTEM C-3

Storage Conditions - Closed Glass Bottles, 100°F (37.8
0
C)

TEST
OIL OIL QUAL 1 2 3 6 11 16

NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 i.H 4 4 5 5 4 5 4

-2 MIL-L-7808 NL 4 4 4 5 4 4 4

-3 MIL-L-7808 15E-1 4 4 4 4 4 4 4

-4 MIL-L-7808 15E-l 4 4 4 4 4 4 4

-5 MIL-L-23699 0-9A-4 4 4 4 4 4 4 4

-6 MIL-C-8188 IM-1 Ii 12 16 16 14 13 16
plus
corro-
sion
inhibi-
tor

TABLE 28

COBRA DATA FOR CONTROL SYSTEM C-4

Storage Conditions - Closed Metal Cans, 1000 F (37.8'C)

TEST
OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MON.THS MONTHS

-1 MIL-L-7808 IM-1 4 4 5 5 4 4 4

-2 MIL-L-7808 1N-1 4 4 5 6 5 8 6

-3 MIL-L-7808 15E-1 4 4 4 4 4 4 4

-4 MIL-L-7808 1lE-1 4 4 4 4 4 4 4

-5 MIL-L-23699 0-9A-4 4 4 4 5 4 7 9

-6 MIL-C-8188 IM-1 11 12 15 16 15 13 16
plus
corro-
sion
inhibi-

tor
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TABLE 29

COBRA DATA FOR CONTROL SYSTEM C-5

Storage Conditions-Open Glass Bottles, 70°F (21
0
C)

TEST
OIL OIL QUAL 1 2 3 6 11 16

NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-'808 lM-I 4 4 5 6 5 4 4

-2 MIL-L-7808 IN-1 4 4 5 5 4 4 4

-3 MIL-L-7808 15E-1 4 4 5 5 4 4 4

-4 MIL-L-7808 11E-1 4 4 5 5 4 4

-5 MIL-L-2369 0-9A-4 4 4 5 5 4 4 4

-6 MIL-C-8188 1M-1 11 15 18 15 16 14 15
plus
corro-
sion
inhibi-
tor

TABLE 30

COBRA DATA FOR CONTROL SYSTEM C-6

Storage Conditions - Open Metal Cans, 70°F (2fC)

TEST
OIL OIL QUAL 1 2 3 6 11 16

NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 lM-l 4 4 6 6 6 5 5

-2 MIL-L-7808 IN-l 4 4 5 5 4 4 4

-3 MIL-L-7808 15E-1 4 4 5 5 5 4 4

-4 MIL-L-7808 11E-1 4 4 5 5 5 4 4

-5 MIL-L-2369S 0-9A-4 4 4 5 5 5 7 7

-6 MIL-C-8188 IM-1 11 14 17 16 15 16 16
plus
corro-
sion
inhibi-
tor
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TABLE 31

COBRA DATA FOR CONTROL SYSTEM C-7

Storage Conditions - Open Glass Bottles, 100'F (37.8°C)

TEST
OIL OIL QUAL 1 2 3 6 11 16

NL BER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 1M-1 4 4 5 5 4 4 4

-2 MIL-L-7808 iN-I 4 4 5 5 4 4 4

-3 MIL-L-7808 15E-1 4 4 4 4 4 4L

-4 MIL-L-7808 IIE-I 4 4 4 4 4 4 4

-5 MIL-L-23699 0-9A-4 4 4 4 4 5 24 28

-6 MIL-C-8188 1M-1 11 12 14 16 13 12 15
plus
corro-
sion
inhibi-
tors

TABLE 32
COBRA DATA FOR CONTROL SYSTEM C-8

Storage Conditions - Open Metal Cans, 1000F (37.8°C)

TEST
OIL OIL QUAL 1 2 3 6 11

NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MON IHS

-1 MIL-L-7808 1M-1 4 4 5 5 4 4 6

-2 MIL-L-7808 IN-I 4 4 5 5 5 4 4

-3 MIL-L-7808 15E-1 4 4 4 5 5 4 14

-4 MIL-L-7808 liE-1 4 4 4 4 4 4 4

-5 MIL-L-23699 0-9A-4 4 4 4 5 8 31 39

-6 MIL-C-8188 IM-I 11 11 15 16 19 12 15
plus
corro-
sion
inhibi-
tor
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TABLE 33

COBRA DATA FOR TEST SYSTEM D-1

Storage Conditions - Closed Glass Bottles,
Free Water, 70

0
F (210C) Innoculated with OP-172-1

TEST
OIL OIL QUAL 1 2 3 6 11 16

NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-2 MIL-L-7808 1M- 4 4 6 5 5 4 4

-2 MIL-L-7808 1N-1 4 4 6 5 5 4 4

-3 MIL-L-7808 15E-1 4 5 6 5 5 4 4

-4 MIL-L-7808 l1E-l 4 5 5 5 5 4 4

-5 MIL-L-23699 0-9A-4 4 5 7 6 5 37 42

-6 MIL-C-8188 IM-I 11 25 24 24 19 25 26
plus
corro-
sion
inhibi-
tor

TABLE 34

COBRA DATA FOR TEST SYSTEM 0-2

Storage Co!ditions - Closed Glass Bottles,
Free Water, 10F (37.80C) Innoculated with OP-172-1

TEST
OIL OIL QUAL 1 2 3 6 11 16

NI'MBER TYPE NLMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 IM-I 4 5 5 5 11 200+ 200+

-2 MIL-L-7808 IN-I 4 4 4 5 6 200+ 200+

-3 MIL-L-7808 15E-I 4 5 4 4 4 200+ 200+

-4 MIL-L-7808 IIE-I 4 4 4 4 4 4 200+

-5 MIL-L-23699 0-9A-4 4 7 42 pO+ 200+ * *

-6 MIL-C-8188 IM-1 11 20 23 39 200+ * *

plus
corro-
sion
inhibi-
tor

*Test terminated after six months due to extreme offensive odor.
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TABLE 35

COBRA DATA FOR TEST SYSTEM D-3

Storage Conditions - Open Class Bottles, Free Water, 100
0
F (37.8

0
C) Innoculated with OP-172-1

TEST
OIL OIL QUAL 1 2 3 6 11 16

NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 Di-i 4 5 5 6 5 96 82

-2 MIL-L-7808 IN-1 4 4 4 4 4 82 95

-3 MIL-L-7808 15E-1 4 4 4 5 4 4 5

-4 MIL-L-7808 IE-i 4 4 4 4 4 4 5

-5 MIL-L-23699 0-9A-4 4 5 9 54 200 + * *

-6 MIL-C-8188 IM-i 11 13 16 17 33 200 + 200 +
plus
corro-
sion
inhibi-
tor

TABLE 36

COBRA DATA FOR TEST SYSTEM E-1
Storage Conditions - Open Glass Beakers, 100% Relative Humidity, 70°F (21

0
C) Innoculated withiOP-172-

TEST
OIL OIL QUAL 1 2 3 6 11 16

NUMBER TYPE NUMBER INITIAL MONTH MON THS MONTHS MONTHS MONTHS MONTHS

- - 4 - - - - - -

-1 MIL-L-7808 IN-i 4 5 5 5 5 4 4

-2 MIL-L-7808 IN-i 4 4 5 5 5 4 4

-3 MIL-L-7808 15E-l 4 5 6 5 5 4 4

-4 MIL-L-7808 IIE-l 4 5 6 6 5 4 4

-5 MIL-L-23699 0-9A-4 4 6 6 6 6 200 + 200 +

-6 MIL-C-8188 lM-I 11 23 27 24 16 18 21
plus
corro-
sion
inhibi-

tor

*Test terminated after six months due to extreme offensive odor.
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TABLE 37

COBRA DATA FOR TEST SYSTEM E-2

Storage Conditions - Open Glass Beakers, 100% Relative Humidity

1000F (37.8
0
C) Innoculated with OP-172-1

TEST
OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUI BER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

- - I-- - - - -
-1 MIL-L-7808 1M-1 4 4 6 14 200+ * *

-2 MIL-L-7808 1N-1 4 4 5 6 200 + *

-3 MIL-L-7808 15E-1 4 5 5 5 8 200 + 200 +

-4 MIL-L-7808 IIE-1 4 4 5 4 5 37 40

-5 MIL-L-23699 0-9A-4 4 13 193 200 + 200 + * *

-6 MIL-C-8188 IM-I 11 23 23 29 161 * *
plus
corro-
sion
inhibi-
tor

*Test terminated after six months due to extreme offensive odor.

TABLE 38

COBRA DATA FOR TEST SYSTEM E-3

Storage Conditions - Closed Glass Bottles, No Free Water, 100°F (37.8 C)Innoculated with Op6172-

TEST
OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 1M-1 4 4 4 5 4 4 4

-2 MIL-L-7808 IN-1 4. 4 5 5 4 4 4

-3 MIL-L-7808 15E-I 4 4 4 5 4 4 4

-4 MIL-L-7808 15E-l 4 4 4 4 4 4 4

-5 MIL-L-23699 0-9A-4 4 4 4 4 5 4 4

-6 MIL-C-8188 iM-I ii 13 15 15 16 12 18
plus
corro-
sion
inhibi-
tor
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TABLE 39

VISUAL APPEARANCE AND ODOR DATA FOR TEST SYSTEI A-I

STORAGE CONDITIONS - CLOSED CLASS BOTTLES, FREE WATER, 70OF (21
0
C)

TEST OIL OIL QuAL 1 2 3 6 - 11 16
NL"SBEX TYPE NV 2ER INITIAL MONhH MINuHS MONTHS MONTHS MONrHS MONTHS

-1 MIL-L-7808 IN-1 Clear & Cloudy Cloudy Cloudy Cloudy Cloudy, Cottony. Cloudy, Cottony.
Bright Cottony. Cottony. Cotton:,. Cottony. Scum at Oil/Water Scum at Oil/Water

Material Material Material Scum at Interface. Interface.
in Water In Water in Water Oil/Water Sweet Sweet
Layer. Layer. Layer. Interface *Several Types of Live Motile Micro-

Sweet organisms. Bacterial or Fungal Filaments
Odor Sweet Sweet Sweet Sweet present also.

-2 MIL-L-?808 IN-1 Clear 6 Cloudy Cloudy Cloudy Cloudy Cloudy Scum at Cloudy Scam at
Bright Small Small Scum at Scum at Oil/Water Inter- Oil/Water Inter-

Amt of Ant of Oil/Wa- Oil/Wa- face. face.
Scum at Scu at ter In- ter In- Sweet Sweet
Oil/Wa- Oil/Wa- terface. terfac . .. .
ter In- ter In-
terface. terface. *No live motile microorganisms noticed

Odor Sweet Sweet Sweet Sweet

-3 MIL-L-7808 15-1 Clear & Cloudy Cloudy Cloudy Cloudy Cloudy Scum at Cloudy Scum at
Bright Scam at Scwj at Scutj at Scum at Oil/Water Inter- Oil/Water Inter-

Oil/Wa- Oil/Wa- Oil/Wa- Oil/wa- face. face.
ter In- ter In- ter In- ter In- Sweet Sweet
terface. terface. terface. terface.

Sediment Sediment Sediment Sediment
on on on on *No microrganisms noticed.
Bottom Bottom Bottom Bottom

Sweet
Odor Sweet Sweet Sweet S.eet

-4 MZL-L-7S08 IlL-I Clear 6 Cloudy Cloudy Cloudy Cloudy Cloudy Scum at Cloudy Scum at

Oil/Wa- Oil/Wa- Oil/Wa- Oil/Wa- face. face.

- tar In- ter In- ter In- ter In- Sweet Sweet
terface terface terface terface -Several types of live motile nucrcorgan-

Sweet isms. Bacterial or fungal filaments
Odor Sweet Sweet Sweet Sweet present also.

-5 MIL-L-23699 0-9A-4 Clear 6 Cloudy Cloudy Cloudy Cloudy Very Cloudy. Very Cloudy.

bright Dark Dark Scum at Scum at Scam at Inter- Scum at Inter-

Spots Spots Oil/Wa- Oil/Wa- face. face.
at Oil/ at Oil/ ter In- ter In- Semi-Sweet Semi-Sveet
Water Water face. face. -
Inter- Inter-
face. face. *No microorganisms noticed.

Sweet
Odor Sweet Sweet Sweet Sweet

-6 fIL-C-8188 1M-I Clear & Slightly Slightly Slightly Slightly Slightly Cloudy. Slightly Cloudy.
plus Bright Cloudy Cloudy Cloudy Cloudy Scum at Inter- Scum at Inter-
Corro- Scum at Scum Scum at Scum at face Microbe face Microbe
slon Oil/Wa- Ol/Wa- Oil/Wa- Oil/Wa- Colonies. Colonies.
Inhib- ter In- ter In- ter In- ter In- Sweet Sweet
Stor terface terface terface terface

Approxi- Black Microbe Microbe
merely Colonies Colonies Colonies
20 Black of Mi- on Bot- Becoming
Fuzzy crobes tom and Very *Several motile types of microorganisms
Colonies Present. at Inter- Large and and filamenta of fungi or bacteria present
of Mi- face. Fuzzy.
crobes
Present.

Sweet
Odor Sweot Sweet Sweet Sweet

MICROSCOPIC EXAM DATA (11 MONT1IS).
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TAbLE 40

VISUAL APPEARANCE AND ODOR DATA FOR TEST SYSTEi A-2

STORAGE CONDITIONS - CLOSED GLASS BOTTLES, FREI WATER, 1O0F (37.8°C)

TEST OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUIBER INITLIAL MONTH MONTHS MONTHS MONTHS MONTHS IIONTHS

-1 MIL-L-7808 fl-1 Clear & Cloudy Cloudy Cloudy Cloudy Cloudy, Oi Very Cloudy, Oil Very
bright Scum at White Dark. Dark.

Oil/Wa- Scum at Semi-Sour Seni-Sour

ter In- Oil/Wa-

terrace. ter In-
terface. *Possible fungal or bacterial srran,-

Sweet present. Also other mtcrobiolZial

Odor Sweet Sweet Sweet Sweet debris. Nlo motile r:Icroorganius ye :

-2 IlL-L-7808 IN-1 Clear 6 Cloudy Cloudy Cloudy Cloudy Opaque, Oil Very Opaqu. Oil Vry

Bright Scum at Scum at Scum at Scum at Dark Scun in Water Dark Scum in Wart,
Oil/Wa- Oil/Wa- Oil/Wa- Oil/Wa- Layer. Layer.
ter In- ter In- ter In- ter In- Rancid Rancid

terface. terface- terface. terface.

Sediment

Dispersed *Latgv amount of possible mlcrobiolo i-

In Oil cal debris present. No motile icro-
Sweet organisms present.

Odor Sweet Sweet Sweet Semi-Sour

-3 MIIL-L-7808 15E-1 Clear 6 Cloudy Cloudy Cloudy Cloudy Slightly Cloudy Sig~htly Lloudy

Bright Scum at Scum at Scum at Scum at Scum at Oil/Water Scum at Oil/WItr

Oil/Wa- Oil/Wa- Oil/Wa- Oil/W"a- Interface. Interface.

ter In- ter In- tee In- ter In- Soi.-Sour Semi-Sour

terrace. terface. terrace. terface.

Sweet *No live motile microorganisms but

Odor Sweet Sweet Sweet Semi-Sour microbiological debris present.

-4 lIL-L-7808 IlE-1 Clear & Cloudy Cloudy Cloudy Cloudy Cloudy. Scum at Cloudy. Scum at

Bright Scum at Scum at Scum at Scum at Oil/Water Inter- Oil/Water Inter-

Ail/Wa- All/Wa- A Al''a- Ail/Wa- face. face.

ter In- ter In- ter In- ter In- Sweet SWEet

terface. terface. terface. terface.
*No microorganisms notied. Scum seems

Sweet to be emulsion. Th-uuands of bubbles

Odor Sweet Sweet Sweet Sweet visible under scope.

-5 MIL-L-23699 0-9A-4 Clear 6 Slightly Cloudy Cloudy Cloudy

Bright. Hazy. No Scum Very Very
Scum at at 01/ Dark. Dark.

Oil/Wa- Water No Scum No Scum

ter In- Inter- at Oil/ at Oil/

terface face. Water In- Water In-
Fuzzy terface. terrace.

MaterJal

in Oil.

Sweet a

Odor Slmi-Sour Sour Rancid. Rancid aa

-6 MIL-C-8188 IN-I Clear 6 Cloudy Cloudy Cloudy Cloudy

plus Bright Scum at Scum at Scum at Scum at
Corro- Oil/wa- Oil/Wa- Oil/wa- Oil/W11-
Sion ter In- ter In- ter In- 'er In-

Inhib- terfacc, terrace. terrace. terrace.

itor White White White

Sedlnt Sediment Sedlment
In Water in Water In Water

Layer Layer Layer

Sweet *

Odor Sweet Sweet Semi-Sour Rancid "

* TEST TERMINATED A-TER SIX MONTHS DUE TO EXTREME OFFENSIVE ODOR.

a MICROSCOPIC EXAM DATA (11 MONTHS).
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TABLE 41

VISUAL APPEARANCE AND ODOR DATA FOR TEST SYSTEM B-I
STORAGE CONDIIIONS - OPEN GLASS BEAKERS. 100'. RELATIVE HUMIDITY, 70F (21'C)

TEST OIL OIL 'UAL 1 2 3 6 11 i6
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTIHS MONTHS MONTHS MON HT

-1 MIL-L-7808 lM-I Clear & Slightly SligntlY Clcudy Slightly Cloudy, Seoiment Slightly Cloudy
Bright Cloudy Cloudy Cloudy ano Scum on Bot- Sediment and Scum

Sediment Sediment Sediment Sediment tom. on Bottom.
on on on on Sweet Sweet

Bottom Bottom Bottom Bottom
*Few mutile microorganisms present.

Sweet Possible fungi or bacterial strands
Odor Sweet Sweet Sweet Sweet present.

-2 MIL-L-7808 IN-l Clear A Slightly Slightly Slightly Slight', Clear & Bright Clear and 6right
Bright Cloudy Cloudy Cloudy Cloudy Sediment on Bot- Sediment on Bot-

SeitSediment Sediment tom. tom.
ondnen Sweet Sweeton on on

Bottom Bottom Bottom *No live motile microorganisms nut
Sweet possiole microbiological debris
Odor Sweet Sweet Sweet Sweet present.

-3 MIL-L-7808 15E-1 Clear & Cloudy Cloudy Cloudy Slightly Slightly Cloudy Slightly Cloudy
Bright Sediment Sediment Sediment Sediment Sediment/Water Sediment/WaterSnt SedimentDroplets/Microbial Oroplets/Microbial

o on on on Colonies on Bottom Colonies on BottomBottom Bottom Bottom Bottom Sweet Sweet

*Live microorganisms and microbiolog-

ical debris present. Visible black
Sweet colonies of bacteria or fungi on
Odor Sweet Sweet Sweet Sweet bottom of beaker.

-4 MIL-L-7808 llE-l Clear & Slightly Cloudy Cloudy Cloudy Cloudy, Sediment Slightly Cloudy
Bright Cloudy Sediment, Sediment, Sediment, Scum and Water Scum and Sediment

Sediment Scum and and Water, and Water Droplets on Bottom on dottom.Scum and Water Droplets Droplets Sweet Sweet

Water on Droplets on Bottom on Bottum.
Bottom. on Bottom

Sweet *No live motile microorganisms. Pre-
Odor Sweet Sweet Sweet Sweet sence of other microoes evident.

-5 MIL-L-23699 O-9A-4 Clear & Clear & Slightly Slightly Slightly Clear & Bright Clear & Bright
Bright Bright Cloudy Cloudy Cloudy Scum on dottom.

Sour Sour
Sweet

Odor Semi-Sour Semi-Sour Semi-Sour Sour *No Microorganisms noticed.

-6 MIL-C-8188 IM-l Clear & Slichtly Slightly Slightly Slightly Slightly Cloudy Clear and Bright
plus Bright Cloudy Cloudy Cloudy Lloudy Sediment on Bot- Sediment and Water
Corro- Sediment Sediment Sediment Sediment tom. Droplets on aottom.
SlonS Sweet Sweet
inhib- on on on on
itor Bottom Bottom Bottom Bottom 'Large anounts of clumped materal

Sweet and several types of motile micro-
Odor Sweet Sweet Sweet Sweet organisms present.

*MICROSCOPIC EXAM DATA (11 MONTHS).
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TABLE 42

VISUAL APPEARANCE AND ODOR DATA FOR TEST SYSTMM B-2

STORAGE CONDITIONS - OPEN CLASS BEAKERS, l00, RELATIVE HIU'1DITY, 100°F (37.h")

TEST OIL OIL QUAL I 2 3 6 11 16

NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS NINTUS

-1 MIL-L-7808 IM-1 Clear & Slightly Slightly Slightly Slightly
Bright Clo-dy Cloudy Cloudy Cloudy

Water Sediment Sediment Very Dark
Drop- on Bot- on Bot- In Color.
lets tom. tom. Sediment
on Bot- on Bot-
tom. tom.

Sweet
Odor Sweet Semi-Sour Semi-Sour Rancid

-2 Mi.-L-7808 I-I Clear & Cloudy Cloudy Cloudy Slightly
Bright Sediment Sediment Cloudy

and Wa- and Wa- Oil is
ter on ter on Light

Bottom. Bottom. Green In
Color

Sweet
Odor Sweet Sweet Semi-Sour Ranlid

-3 hIL-L-7808 15E-i Clear & Slightly Slightly Slightly Slightly Slightly Cloudy Slightly Cloudy
Bright Cloudy Cloudy Cloudy Cloudy Dark in Color Dark in Cclor

Sediment Sedimen Sediment Sedlent Sediment. Sediment.
on Bot- Scum and on Bot- on Bot- Rancid Rancid
tom. Water on tom. tom.

bottom.

Sweet
Odor Semi-Sour Semi-Sour Semi-Sour Rancid *No microorganisms noticed.

-4 MIL-L-?.08 lIC-I tlear A Cnudv rClude rlo,.. Cloud:" I!qhtly Unud' Slightly Clodydv
Bright Sediment Sediment at hot- Rancid Rancid

tom.

Sweet
Odor Sweet Sweet Semi-Sour Sour *No microorganisms noticed.

-5 MIL-L-23699 O-9A-4 Clear & Slightly Slightly Slightly Cloudy
Bright Cloudy Cloudy Cloudy Oil Dark 00 *

SedimnenL Sediment Oil Dark In Color
on Sot- and Wa- In Color Sediment
tom. ter on Sediment. Patches

Bottom. Of Crys-
talized 0

Material
Floating
On Top
Of Oil.

Sweet
Odor Semi-Sour Sour Rancid Rancid

-6 MIL-C-BS8 i)1-1 Cler 6 Cloudy Cloudy Slightly Cloudy
plus Bright Sediment Sediment Cloudy Oil Dark
Corro- and Wa- and Wa- Sediment In Color.
sion ter Drop- ter Drop- and Wa- Sediment
Inhib- lets On lets On ter Drop- and Wa-
itor Bottom. Bottom. lets On ter Drop- ,

Bottom. lets on
Bottom.

Sweet
Odor Sweet Send-Sour Sour Rancid

* TEST TERMINATED AFTER SIX MONTHS DUE TO EXTREME OFFrNqIVL ODOR.

* MICROSCOPIC EXAM DATA (11 MONTHS).
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TABLE 43

VISUAL APPEARANCE AND ODOR DATA FOR CONTROL SYSTEI1 C-1

STORAGE. CONDITIONS - CLOSED GLASS BOTTLES, 70PF (210 C)

TEST OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 IN-1 Clear & Clear & Clear & Clear & Clear 6 Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-2 MIL-L-7808 IN-1 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-3 MIL-L-7808 15E-1 Clear & Clear & Clear & Clear 6 Clear 6 Clear & Bright Clear & Bright

Bright Bright Bright Bri ght Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganiseme noticed.

-4 MIL-L-7808 11E-1 Clear & Clear & Clear & Clear & Clear 6 Clear & Bright Clear 6 Bright
Bright Bright Bright Bright Bright Sweet Sweet

bweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-5 KIL-L-23699 O-9A-4 Clear & Clear & Clear 6 Clear 6 Clear & Clear 6 Bright Clear & Bright
Bright Bright Bright Bright Bright Seai-Sour Semi-Sour

Sweet
Odor Smi-Sour Semi-Sour Semi-Sour Semi-Sour *No microorganisms noticed.

-6 HIL-C-8188 LK-1 Clear 6 Slightly Slightly Slightly Slightly Clear & Bright Clear & Bright
plue Bright Cloudy Cloudy Cloudy Cloudy Sediment on Sediment on
Corro- Sediment Sediment Sediment Sediment Bottom. Bottom.
elA on Bot- on Bot- on Bt- on bot- Sweet Sweet
inhib- tom. tom. tom. tom.
itor

sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

HICOSCOPtC ELAM DATA % I MONTHS).
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TABLE 44

VISUAL APPEARANCE AND ODOR DATA FOR CONTROL SYSTEM C-2

STORAGE CONDITIONS - CLOSED MTAL CANS, 70°F (21*C)

TEST OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 Ll-l Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-2 MIL-L-7808 1N-1 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet "

Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-3 MIL-L-7808 1E-I Clear 6 Clear 6 Clear 6 Clear & Clear 6 Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-4 MIL-L-7808 iE-i Clear 6 Clear 6 Clear 6 Clear 6 Clear & Clear 6 Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No micruorganisms noticed.

-5 MIL-L-23699 0-9A-4 Clear I Clear 6 Slightly Clear I Clear 6 Clear 6 Bright Clear & Bright
Bright Bright Cloudy Bright Bright Semi-Sour Semi-Sour

Sweet ....

Odor Seml-Sour Semi-Soul Seml-Sour Semi-Sour *No microorganisms noticed.

-6 MIL-C-8188 IM-1 Clear 6 Clear & Clear & Clear & Clear 6 Clear 6 Bright Clear 6 Bright
plus Bright Bright Bright Bright Bright Sediment c Sediment on
Corro- Sediment Sediment Sediment Sediment Bottom. Bottom.
efon Sweet Sweet
inhib-
itor

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

NICROSCOPIC EXAM DATA (11 MONTlS).
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TABLE 45

VISUAL APPEARANCE AND ODOR DATA FOR CONTROL SYSTEMi C-3

STORAGE CONDITIONS - CLOSED GLASS BOTTLES, lO0'F (37.8*C)

TESTOIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 UM-I Clear & Clear 6 Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-2 MIL-L-7808 IN-1 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-3 MIL-L-7808 15E-1 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-4 MIL-L-7808 IlE-1 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

05 MIL-L-23699 0-9A-4 Clear 6 Clear Clear 6 Clear & Clear 6 Clear I Bright Clear & Bright
Bright Bright Bright Bright Bright Semi-Sour Semi-Sour

Net_
Odor Semi-Sour Semi-Sour Semi-Sour Semi-Sour *No microorganisms noticed.

-6 IL-C-BI88 IM-I Clear & Slightly Slightly Slightly Slightly Clear A Bright Clear & Bright
plus Bright Cloudy Cloudy Cloudy Cloudy Sediment on Sediment on
Corro- Sediment Sediment Sediment Sediment Bottom. Bottom.
elon on hot- on Bot- on Bot- on Bot- Semi-Sour Semi-Sour
In ib- ton. tom. tou. tom.
itor

Swett
Odor Sweet Sweet Sweet Sweet *No icroorganism noticed.

C MICROSCOPIC EXAM DATA (11 MONTHlS).
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TABLE 46

VISUAL APPEABANCE AND ODOR DATA FOR CONTROL SYSTEM C-4

STORAGE CONDITIONS - CLOSED METAL CANS, 10OF (37.8°C)

TEST OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 il-1 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-2 MIL-L-7808 1N-1 Clear & Clear & Clear 6 Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet eNo microorganisms noticed.

-3 MIL-L-7808 15E-1 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear 6 Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-4 ?IL-L-7808 11-1 Clear & Clear & Clear & Clear g Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-5 MIL-L-23699 0-9A-4 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Semi-Sour Semi-Sour

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-6 MIL-C-8188 lM-1 Clear & Clear & Slightly Slightly Slightly Clear & Bright Clear 4 Bright
plus Bright Bright Cloudy Cloudy Cloudy Sediment on Sediment on
Corro- Sediment Sediment Sediment Sediment Bottom. Bottom.
lion on Bot- on Bot- on Bot- on bot- Semi-Sour Semi-Sour

Inhib- tom. tom. tOm. too.
itor

Sweet
Odor Sweet Sweet Sweet Semi-Sour *o microorganisms noticed.

n ICBOSCOPIC ,XAM DATA (11 MONTHS).
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TABLE 47

VISUAL APPEARANCE AND ODOR DATA FOR CONTROL SYSTEM C-5

STORAGE CONDITIONS - OPEN GLASS BOTTLES, 700F (21°C)

TEST OIL OIL QUAL 1 2 3 6 11 16NUMBER TYPE NUMIBER INITIAL MONTH MONTHS MLONTHS MONTHS M ONHIS MONTHS

-1 MIL-L-7808 12-1 Clear & Clear 6 Clear & Clear 6 Clear & Clear & Bright Clear & Bright
bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet No microorganisms notced.

-2 MIL-L-7808 lN-1 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-3 MIL-L-7808 15E-1 Clear & Clear & Clear & Clear A Clear 6 Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet -
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-4 MIL-L-7808 LE-1 Clear & Clearlear ear 6 Clear 6 Clear & Clear 6 Bright Clear & Bright
Bright Bright Briht Bright Bright Sweet Sweet

Swet
Odor Sweet Sweet Sweet Sweet aNo microorganisms noticed.

-5 MIL-L-23699 O-9A-4 Clear & Clear 6 Clear & Clear & Clear & Clear & Bright Clear 6 Bright
Bright bright Bright Bright Bright Semi-Sour Semi-Sour

Sweet
Odor Semi-Sour Semi-Sour Semi-Sour Semi-Sour *No microorganisms noticed.

-6 MIL-C-188 IM-1I Clear 6 Clear & Clear & Clear &" Clear & Clear & Bright Clear & Bright
plus Br$ght Bright Bright Bright Bright Sedimenc on Sediment on
Corro- Bottom. Bottom.
sion Sweet Sweet
Inhib-
tor

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

a MICROSCOPIC EXAM (11 MONTHS).
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TABLE 48

VISUAL APPEARANCE AIM ODOR DATA FOR CONTROL SYSTEM C-6

Storage Conditions - Open Metal Cans, 70°F (21"C)

TEST OIL OIL QCAL 1 2 3 6 11 16

NL1MBER TYPE K,111ER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

MIL-L- IM-I Clear & Clear & Clear & Clear & Clear & Clear & Clear I

7808 Bright Bright Bright Bright Bright Bright Bright

Sweet Sweet

No Microorganisms Noticed

Sweet Sweet Sweet Sweet Sweet

Odor Odor Odor Odor Odor

2 MIL-L- IN-1 Clear I Clear & Clear I Clear I Clear & Clear 6 Clear I

7808 Bright Bright Bright Bright Bright Bright Bright

Sweet Sweet

No Kicroorganisms Noticed

Sweet Sweet Sweet Sweet Sweet

Odor Odor Odor Odor Odor

3 IL-L- 15E-1 Clear & Clear & Clear & Clear & Clear & Clear 1 Clear &

7808 Bright Bright Bright Bright Bright Bright Bright

Sweet Sweet

No Microorganisms Norlced

Sweet Sweet Sweet Sweet Sweet

Odor Odor Odor Odor Odor

KIL-L- llE-1 Clear & Clear & Clear I Clear & Clear & Clear & Clear &

7808 Bright Bright Bright Bright Bright Bright Bright

Sweet Sweet

No Microorganisms Noticed

Sweet Sweet Sweet Sweet Sweet

Odor Odor Odor Odor Odor

5 NIL-L- O-9A-4 Clear I Clear & Clear & Clear 6 Clear & Clear & Clear &

23699 Bright Bright Bright Bright Bright Bright Bright

Semi-sour Semi-sour

a No Mirroorgeolsms Notlced

Sweet Semi-sour Sel-sour Semi-sour Sei-sour

Odor Odor Odor Odor Odor

6 IaL-C- 111-1 Clear & Slightly Slightly Slightly Slightly Clear 4 Clear &

als plus Bright Cloudy Cloudy Cloudy Cloudy Bright Bright

corro- Sediment Sediment Sediment Sediment Sediment on Sediment on

$ion on bottom on Bottom on Bottom on Bottom bottom Bottom

lnhibi- Sweet Sweet
tor

Sweet Sweet Sweet Sweet Sweet

Odor Odor Odor Odor Odor

*Microscoplc Exam Data (11 Months)
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TABLE 49

VISUAL APPEARANCE AND ODOR DATA FOR CONTROL SYSTEM C-7

STORAGE CONDITIONS - OPEN CLASS BOTTLES, 100°F (37.8°C)

TEST OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 L-l Clear 6 Clear 6 Clear & Clear 6 Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-2 MIL-L-7808 IN-i Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-3 MIL-L-7808 15E-I Clear & Clear & Clear 6 Clear & Clear & Clear 6 Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Swet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-4 MIL-L-7808 lE-i -lear & Clear I Clear & Clear 6 Clear 6 Clear & Bright Clear & Bright
Aright arlght Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Swet *No mdcroorganisms noticed.

-5 MIL-L-23699 O-9A-4 Clear & Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright

Bright Bright Bright Bright Bright Seam-Sour Semi-Sour

Sweet
Odor Semi-Sour Semi-Sour Semi-Sour Semi-Sour *No microorganisms noticed.

-6 MIL-C-8188 LM-1 Clear £ Slightly Slightly Slightly Slightly Slightly Cloudy Slightly Cloudy
plus Bright Cloudy Cloudy Cloudy Cloudy Sediment on Sediment on
Corro- Sediment Sediment Sediment Sediment Bottom. ttm

@ion on Bot- on Boc- on Bot- on Bot- Semi-Sour Semi-Sour
Inhib- tom. tom. tom. tom.
itor

Sweet
Odor Sweet Sweet Semi-Sour Semi-Sour *No microorganisms noticed.

a MICROSCOPIC EXAM DATA (I1 MONTrS).
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TABLE 50

VISUAL APPEARANCE AND ODOR DATA FOR CONTROL SYSTEM C-8

STORAGE CONDITIONS - OPEN METAL CANS, lOOF (37.8
0

C)

TEST OIL OIL QUAL 1 2 3 6 i 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 LM-l Clear & Clear & Clear & Clear & Clear Clear & Bright C'ear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-2 MIL-L-780 iN-1 Clear 6 Clear & Clear 6 Clear & Clear & Clear & Bright Clear 6 Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet -No microorganisms noticed.

-3 MIL-L-7808 15E-i Clear 6 Clear & Clear & Clear & Clear 6 Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
O ;or Sw3 . w.et sweet Sweet *to mlcroorganlors noticed.

-4 MIL-L-7808 lIE-1 Clear 6 Clear & Clear & Clear & Clear & Clear & Bright Clear 6 Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms needed.

-5 MIL-L-23699 0-9A-4 Clear Clear & Clear & Clear & Clear & Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Seni-Sour Semi-Sour

Sweet
Odor Semi-Sour Semi-Sour Semi-Sour Semi-Sour *No microorgani3ms noticed.

I -

-6 IL-C-8l88 Il1-I Clear & Clear & Slightly Slightly Clear & Clear & Bright Clear & Bright
plus Bright Bright Cloudy Cloudy Bright Sediment on Sediment on
Corro- Sediment Sediment Sediment Sediment Bottom. Bottom.
*ion on bot- on bot- on Bot- on Bot- Semi-Sour Semi-Sour
Inhib- tom. tom. too. tom.
itor

itr Sweet

Odor Sweet Sweet Semi-Sour Semi-Sou *No microorganisms noticed.

* KICROSCOPIC iEA2 DATA (11 MONTHS).

45



AFWAL-TR-83-2007

TABLE ol

VISUAL APPEARANCE AND ODOR DATA FOR TEST SYSTEM 0-I

STORAGE CONDITIONS - CLOSED GLASS BOTTLES, FREE WATER, 70-F (21-C), INNOCULATED WITH OP-172-l

TEST OIL OL QUAL 6I 3 6 16

NUMBEQ TYPE 'AUMBER INITIAL MONTH MUNTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 IM-l Clear 6 Cloudy Cloudy Cloudy Cloudy Cloudy. Cottony Clouay. Cottony
Bright Cottony Cottony Cottony Cottony Material and Material and

Material Material Material Material Microorganism Microorganism
in Water and Small and Dark and Dark Colonies. Colonies.
Layer. Dark Colo- Colonies Colonies

nlies of of Micro- of Micro- Sweet Sweet
MIcro- organisms organisms
organisms present present *Several types of live flagellated
present in Water in Waterin Water Layer. Layer. organisms present. Dense strands
Layer. of fungalor bacterial material

Sweet present also.

Odor Si.eet Sweet Sweet Sweet

-2 MIL-L-780B IN-I Clear & Cloudy Cloudy Cloudy Cloudy Cloudy. Scum Cloudy. scum
Bright Scum at Scum at Scum at Scum at at Uil/Water at Oil/Water

Oil/Wa- Oil/Wa- Oil/Wa- Oil/Wa- Interface Interface
ter In- tar In- ter In- ter In- Sweet Sweet
terrace, terface, terface. cerrace.

Sweet *No live microorganisms noticed.

Odor Sweet Sweet Sweet Sweet Possible cellular debris present.

-3 MIL-L- 7W8 1SE-1 Clear & Cloudy Cloudy Cloudy Cloudy Cloudy. Scum Cloudy. Scum
Bright Scum at Scum at Scum at Scum at at Oil/Water at Oil/Water

Oil/Wa- Oil/Wa- Oil/Wa- Oil/Wa- Interface. Interface.
ter In- tar In- ter In- ter In- Sweet Sweet
terface. terface. terface. terface.

Slight

Amount *Microorganisms present in scan
of Sedi- layer.
melnt.

Sweet
Odor Sweet Sweet Sweet Sweet

-4 MIL-L-7808 llE-l Clear & Cloudy Cloudy Cloudy Cloudy Cloudy. Scum Cloudy. Scum
Bright Scum at Scum at Scum at Scum at at Oil/Water at Oil/Water

Oil/Wa- Oil/Wa- Oil/Wa- Oil/Wa- Interface. Interface.
ter In- ter In- ter In- ter In- Cottony Mat- Cottony Mat-
terface. terface. terface. terface. eral in Water, arial in Water.

Cottony Cottony Cottony Sweet Sweet
Material Material Material
in Water in Water In Water *Several types of motile micro-

Sweet Layer. Layer. Layer. organisms. Worm-like micro-

Odor Sweet Sweet Sweet Sweet organisms present also.

-S MIL-L-23699 O-9A-4 Clear & Cloudy Cloudy Cloudy Cloudy Cloudy Slightly Cloudy
Bright Darker Scum and Sour Sour

Layer at Dark Spots
Oil/Wa- at Oil/Wa-
ter In- tar Inter- *No microorganism noticed.
terface. face.

Sweet
Odor Semi-Sour Semi-Sour Sour Sour

-6 MIL-C-8188 IM-l Clear & Slightly Slightly Slightly Slightly Clear and Bright Clear and Bright.
plus Bright Cloudy Cloudy Cloudy Cloudy Scum, Dense Mi- Scum, Dense Mi-
Corro- Scum and Scum and Scum and Scum and croorganism Col- croorganism Col-
sion Black black Black Black onies Present at onies Present at
Inhib- Micro- Micro- Micro- Micro- Interface and in Interface and in
itor organism organism organism organism Water Layer. Water Layer.

Colonies Colonies Colonies Colonies Sweet Sweet
Present Present Present Present
at 011/ at 011/ at 011/ at 011/
Water Water Water Water *Several types of motile micro-
Inter- Inter- Inter- Inter- organisms present. Large amounts
face. face. face. face. of filamentous material present

Sweet also.
Odor Sweet Sweet Sweet Sweet

MICROSCOPIC EXAM DATA (11 MONTHS).

46

.4 - ..



AFWAL-TR-83-2007

TABLE 52

VISUAL aPrrwL:Cl ALD ODOR DATA FOR TEST SYSTEM 0-2

STORAGE CONDITIONS - CLOSED GCLSS BOTTLES, FREE WATER, IO0F (37.8°C) INNOCUU.TED WITH OP-172-1

TLST OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NL?!LR INITLSL MONTH OINTIS MONTHS MONTHS NONTHS MONTHS

-1 MIL-L-7808 IM-l Clear 6 Cloudy Cloudy Cloudy Cloudy Oil Very Dark Oil Very Dark
Bright Scum at Slight Slight Slight Almost Opaque. Almost Opaque.

at Oil/ Scun at Scum Scum Rancid Rancid
Water Oil/Wa- OillWa- Oil/Wa-
Inter- ter In- ter In- ter In-
face. terface. tea face. terrace.

Sweet *No live microorganisms noticed. Pa!
Odor Sweet Sw'et Sweet Sweet sible microbiological debris present

-2 MI].-L-7808 IN-1 Clear & Cloudy Cloudy Cloudy Clo-,dy Opaque. Scum Opaque. Scum
Bright ScUM at SLuo at Scum at Scum at et Oil/WaLer at Oil/Water

Oil/Wa- Oil/Wa- oil/Wa- Oil/Wa- Interface. Interface.
ter In- ter In- ter In- ter In- White Cottony White Cottony
terface. terface. terrace. terface. Matericl in Material ih

Water Layer. Water Layer.

Sweet aN microorganisms noticed. Possible
Odor Sweet Sweet Sweet Sweet microbiological debris present.

-3 hIL-L-7308 15E-1 Clear 6 Cloudy Cloudy Cloudy Cloudy Cloudy. Scum Oil Dark in Col-
Bright Scum at Scum at Scum at Scum at at Oil/Water In- or. Slightly

Oil/Wa- Oil/Wa- Oil/Wa- Oil/Wa- terface. Cloudy.
ter In- ter la- ter In- ter In-

Sweet terface. terface. terface. terrace. *No microurzanisms noticed. Large
Odor Sweet Sweet Sweet Sweet amounts of debris present.

-4 i:IL-L-7808" lE-1 Clear S Cloudy I Cloudy Cloudy Cloudy Cloudy. Scum Cloudy. Scum
Bright Scum at Scum at Scw, at Scum at at Oil/Water at Oil/Water

Oil/Wa- Oil/ a- 01216a- Oi.1/Wa- Interface. Interface.

ter In- ter In- ter In- ter In- Semi-Sour Semi-Sour
terface. terrace terrace. terface.

Sweet *No microorganisms noticed. Scum
Odor Sweet Sweet Sweet Sweet may be emulsion.

-5 iMIL-L-23699 O-9A-4 Clear 4 Cloudy Clear S Slightly Opaque
Bright Slight Bright Cloudy Oil Very

Scum Oil Dark- Dark.
Layer at er in
Oil/Wa- Color.

ter In-
terface.

Sweet
Odor Semi-Sou Semi-Snur Ranc Id Rancid

-6 IL-C-8188 lM-1 Clea 6 Ci ,udy Cloudy Cloudy up.q c
plus BrlghL Sc-e, at Scum at Oil Dark oil is a
Corro- Oil/i- Oil/Wa- in Color. Very Dark
alon ter In- ter In- Scum at Purple
Inhib- terface. terrace. Oil/Wa- Color.
itor ter In-

terrace.
Slight
Sediment

Sweet on Bottom.

Odor Sweet Sweet Sour Rancid

TE UST TKI NATED AFTER SIX NTHS DUE TO EXTRIUE OFFENSIVE ODOR.

K MICJOSCOPIC EXAM DATA (11 MONTHS).
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TABLE 53

VISUAL APPEARANCE AND ODOR DATA FOR TEST SYSTEM 0-3
STORAGE CONDITIONS - OPEN GLASS BOTTLES, FREE WATER, 1O00F (37.8-C) INNOCULATEO WITH OP-17Z-I

TEST OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-l MIL-L-7808 lM-l Clear & Clear & Clear & Clear & Clear N Oil is Very Dark Oil is Very ark
Bright Bright Bright Bright Bright but Clear but Clear

Scum at Scum & Cottony Cottony No Free Water No Free Water
Oil/Water Small Mi- Material Material Present Present
Interface croorgan- Dispersed in Water

ism Colo- in Water Layer
nies at Layer No Live Microorganisms but

Oil/Water Microbiological Debris Present
Interface

Sweet Sweet Sweet Sweet Sweet
Odor Odor Odor Odor Odor

-2 MIL-L-7808 IN-1 Clear & Slightly Slightly Clear & Clear & Opaque, Oil Very Opaque, Oil Very
Bright Cloudy Cloudy Bright Bright Dark in Color Dark in Color

Scum at Scum at Scum at Slight Scum No Free Water No Free Water
Oil/Water Oil/Water Oil/Water at Oil/Water Present Present

Interface Interface Interface Interface Sour Sour

Water Layer
Decreasing Possible Microbiological Debris

and Microorganisms Present

Sweet Sweet Sweet Sweet Semi-sour
Odor Odor Odor Odor Odor

-3 MIL-L-7808 1SE-1 Clear & Clear & Clear & Clear & Clear & Slightly Cloudy Clear & Bright
Bright Bright Bright Bright Bright No Free Water No Free Water

Present Present

Semi-sour Semi -sour

• No Microorganisms Noticed

Sweet Sweet Sweet Sweet Sweet
Odor Odor Odor Odor Odor

-4 MIL-L-7808 lIE-1 Clear & Slightly Clear & Clear & Slightly Clear & Bright Clear & Bright
Bright Cloudy Bright Bright Cloudy No Free Water No Free Water

Scum at Scum at Slight Slight Present Present
Oil/Water Oil/Water Scum at Scum at
Interface Interface Oil/Water Oil/Water Sweet Sweet

Interface Interface No Microorganisms Noticed

Sweet Sweet Sweet Sweet Sweet
Odor Odor Odor Odor Odor

-5 MIL-L-236g 0-9A-4 Clear & Clear & Clear & Clear & Opaque, Oil
Bright 6right Bright Bright Very Dark

Sweet Semi- Semi- Sour Rancid
Odor sour sour Odor Odor

Odor Odor

-6 MIL-C-8188 IM-I Clear & Clear & Clear & Clear & Oil Dark Oil Dark, Almost Almost Opaque
plus Bright Bright Bright Bright but Clear Opaque Oil Very Dark
corro- SDep Purple in
sion Slight Slight Slight Sediment
inhib- Scum at Scum at Scum at in Water
Itor Oil/Water Oil/Water Oil/Water Layer Rancid Rancid

Interface Interface Interface No Micrransms Noticed

Sediment Sediment
on Bottom on Bottom

Sweet Sweet Sweet Semi-sour Semi-sour
Odor Odor Odor Odor Odor

*Microscopic Exam Data (11 Months)
Test Terminated After Six Months Due to
Extreme Offensive Odor
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TABLE 54

VISUAL APPEARANCE AND ODOR DATA FOR TEST SYSTEM E-l
STORAGE CONDITIONS - OPEN GLASS BEAKERS, 100l RELATIVE HUMIDITY, 70*F (21°C), INNOCULATED WITH OP-172-1

TEST OIL OIL QUAL 1 2 3 6 11 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 IM-I Clear & Slightly Slightly Slightly Clear & Cloudy Clear & Bright
Bright Cloudy Cloudy Cloudy Bright Scum & Sediment Scum & Sediment

Slight Slight Slight Slight on Bottom on Bottom
Sediment Sediment Sediment Sediment Sweet Sweet
on Bottom on Bottom on Bottom on Bottom

* No Microorganisms Noticed

Sweet Sweet Sweet Sweet Sweet

Odor Odor Odor Odor Odor

-2 MIL-L-7808 IN-1 Clear & Slightly Slightly Clear & Slightly Clear & Bright Clear & Bright
Bright Cloudy Cloudy Bright Cloudy Scum & Sediment Scum & Sediment

Slight Slight Slight on Bottom on Bottom
Sediment Sediment Sediment Sweet Sweet
on Bottom on Bottom on Bottom

* No Live Motile Microorganisms
Possible Bacteria and Micro-
biological Debris Present

Sweet Sweet Sweet Sweet Sweet
Odor Odor Odor Odor Odor

-3 MIL-L-7BO8 15E-1 Clear & Slightly Slightly Cloudy Slightly Cloudy Clear & Bright
Bright Cloudy Cloudy Cloudy Scum & Sediment Scum & Sediment

Slight Slight Slight Slight on Bottom on Bottom
Sediment Sediment Sediment Sediment
on Bottom on Bottom on Bottom on Bottom Sweet Sweet

* Several Types of Microorganismi
Present

Sweet Semi-sour Semi-sour Semi-sour Sweet
Odor Odor Odor Odor Odor

-4 )1IL-L-78U8 llE-i Clear & Slightly Slightly Slightly Cloudy Cloudy Clear & Bright
Bright Cloudy Cloudy Cloudy Scum & Scum & Sediment Scum & Sediment

Sediment Sediment Sediment Sediment on Bottom on Bottom
on Bottom on Bottom on Bottom on Bottom Sweet Sweet

* Motile Microorganisms Present

Sweet Sweet Sweet Sweet Sweet
Odor Odor Odor Odor Odor

-5 MIL-L-23699 0-9A-4 Clear & Clear & Clear & Clear & Clear & Cloudy Clear & Bright
Bright Bright Bright Bright Bright Scum & Sediment Scum & Sediment

on Bottom on Bottom

Sour Sour

* No Microorganisms Noticed

Sweet Semi-sour Semi-sour Semi-sour Sour
Odor Odor Odor Odor Odor

-6 MIL-C-8188 IM-l Clear & Slightly Slightly Slightly Slightly Slightly Cloudy Clear & Bright
plus Bright Cloudy Cloudy Cloudy Cloudy Scim & Sediment Scum & Sediment
corro- Sediment Sediment Sediment Sediment on Bottom on Bottom
sion
inhibi- on Bottom on Bottom on Bottom on Bottom Semi-sour Sweet
tor

* Several Types of Motile Micro-
organisms Present. Large
Amount of Clumped Material
Present Also.

Sweet Sweet Sweet Semi-sour Semi-sour

Odor Odor Odor Odor Odor

* Microscopic E~am Data (11 Months)
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TABLE 55

VISUAL APPEARANCE AND ODOR DATA FOR TEST SYSTEM E-2

STORAUE CONDITIONS - OPEN CLASS BLAKEhS, 100% RELATIVE HUMIDITY. 100'F (37.8°C), I:':OCUL'TED WiTtl OP-172-2

TEST OIL OIL QUAL 1 2 3 6 11 16
NL.XLB0 TY t NUMBER INITIAL MONTH MONTHS MONTHS MONTHS MONTHS MONrHS

-I MIL-L-780. I-i Clear 6 Cloudy Slightly Slightly Oil Very
Bright Sediment Cloudy Cloudy Uark.

on Bot- Sediment Sediment Cloudy,
tom. on Bot- on Bot- Almost

tom. tom. Opaque.

Sediment
on Bottom.

Sweet

Odor Sweet Sweet Semi-Sour Rancid

-2 MIL-L-7608 IN-I Clear S Cloudy Cloudy Cloudy Slightly
Bright Sediment Sediment Sediment Cloudy

on Bot- on Sot on Bot- Sediment
tom. tom. tom. on Bottom.

Sweet *
Odor Sweet Sweet Sweet Rancid

-3 MIL-L-7808 15E-i Clear 6 Sltitly ISlightly Slightly Slightly Slightly Cloudy SIlI.:tly CloudJ
Bright Cloudy Cloudy Cloudy Cloudy Sediment on Rot- Sediment on Sot-

leoirent Sediment Sediment Sediment tom. Itos.
on Bat- on bot- on Bot- on Rot- Rancid Rancid
LOW, to., tOW, to.

Sweet

Odor Sweet Sweet Semi-Sour rancid *Z:o microorganisms :ct~red.

-4 MIL-L-7808 lIE-1 Clear & Cloudy Cloudy Cloudy Cloudy Slightly Cloudy Slightly Cloudy
Bright Sediment Sediment Sediment Sedinent on Bot- Scdi:ent on BS,-

on bot- on Bot- on Sot- tom. tom.
tom. tom. tom. Rancid Rancid

Sweet
Odor Sweet Sweet Semi-Sour Rancid *No microorganisins not iced.

-5 MIL-L-23699 0-9A-4 Chlar & Slightly Slightly Slightly Oil Very
Bright Cloudy Cloudy Cloudy Dark. Ai-

Sediment Sediment Sediment most Opaque.
on Bet- on Bot- on Bot- Patches of
tom. to. tom. Crystallized

Material
Floating on *
Top. Sedi-
ment on Bot-
tom.

Sweet
Odor Semi-Sour Sour Rancid Rancid

-6 MIL-C-8188 IN-I Clear & Cloudy Slightly Slightly Oil Very
plus Briht Sediment Cloudy Cloudy Dark. Al-
Corro- on Be - Sediment Sediment eost Opaque.
sioa tom. on Bottom on Bottom Sediment on

lnhib- Bottom *

itor
Sweet
Odor Semi-Sour Semi-Sour Sour Rancid e*

T* EST TERMINATED AFTER SIX MONT11S DUE TO EXTREMIF OFFENSIVE ODOR.

a MICROSCOPIC EXAM DATA (11 MONTHS).

50

.4- mi m



AFWAL-TR-83-2007

TABLE 56

VISUAL APPEARANCE AND ODOR DATA FOP, TEST SYSTEM E-3

STORAGE CONDITIONS CLOSED GLASS BOTTLES, NU FREE WATER, lO0F (37.8-C). INNOCULATED dITH OP-72-l

TEST OIL UIL QUAL 1 2 3 6 16
NUMBER TYPE NUMBER INITIAL MONTH MONTHS MCNTHS MONTHS MONTHS MONTHS

-1 MIL-L-7808 IM-I Clear & Clear & Clear 6 Clear & Clear & Clear & Bright Clear & Bri 9 't
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed

-2 MIL-L-7808 IN-I Clear & Clear & Clear B Clear B Clear I Clear & Bright Clear & Bright
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorgan,,ms noticed.

3 MIL-L-7808 ISE-I Clear & Clear 4 Clear & Clear & Clear & Clear & Bright Clear & Brignt
Bright Bright Bright Bright Bright Sweet Sweet

Sweet
Odor- Sweet Sweet Sweet Sweet *flo v roorganisms noticed.

-4 MIL-L-7BO8 IIE-1 Clear & Clear B Clear & Clear & Clear & Cidar & Bright Clear & Bright
Bright Brignt Bright Bright Bright Sweet Sweet

Sweet
Odor Sweet Sweet Sweet Sweet *No microorganisms noticed.

-5 MIL-L-23639 O-9A-4 Clear & Clear N Clear B Clear & Clear & Clear & Bright Clear N Brignt
Bright Bright Bright Bright Bright Semi-Sour Semi-Sour

Sweet
Odor Sweet Sweet Sweet Sweet *Jo microorganisms noticed

-6 MIL-C-8I88 lM-l Clear B Slightly Slightly Clear & Slightly Clear B Bright Slightly Cloudy
plus Bright Cloudy Cloudy Bright Cloudy Sediment on Sediment on
Corro- Sediment Sediment Sedimert Sediment Bottom. Bottom
sion on Bottom. on aottoi. on Bottom. on Bottom. Semi-Sour Semi-Sour
Inhib-
itor

Sweet
Odor Sweet Sweet Semi-Sour Semi-Sour -lo microorgani,,s noticed.

* MICROSCOPIC EXAM DATA (11 MONTHS).
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